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ACRONYMS 

Am - Americium 

AEC - Uruted States Atomic Energy Commission 

A1 - Aluminum 

ASTM - American Society of Testmg and Materials 

ASME - American Society of Mechanical Engineers 

ARARs - Applicable or Relevant and Appropriate Requirements 

Ca - Calcium 

CDPHE - Colorado Department of Public Health and Environment 

CERCLA - Comprehensive Environmental Response, Compensation, and Liability 
Act of 1980 

CESS - Chemically Enhanced Steam Strippmg 

Ci - Curies 

cm - centimeter 

COC - Chemical of Concern 

cpm - counts per mmute 

DOE - Umted States Department of Energy 

DOEYRFFO - Department of Energy/Rocky Flats Operahons Office 

d p d g  - dismtegrahons per mmute per gram 

DQO - Data Quality Objectwe 

EA - Environmental Assessment 

EE&T - Environmental Engmeemg and Technology 
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EPA - United States Environmental Protection Agency 

ERM - Environmental Restoration Management 

ET - Environmental Technology 

FS - Feasibility Study 

FSP - Field Sampling Plan 

g - gram 

g/l - grams per liter 

GRRASP - General Radiochemistry and Routine Analytical Services Protocol 

HMP - Hexametaphosphate 

H&SP - Health and Safety Plan 

HCl- Hydrochloric Acid 

IAG - Interagency Agreement 

IHSS - Individual Hazardous Substance Site 

IM/IRA - Interim Measures /Interim Remedial Actron 

K - Potassium 

kg - kilograms 

1 - liter 

LANL - Los Alamos National Laboratory 

m - meter 

M - Molar 

MDA - Mrnimum Detectable Achvity 
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Mg - Magnesium 

mg - milligrams 

mg/l - milligrams per liter 

ml - milliliters 

mm - millimeters 

mM - Millimoles 

Na - Sodium 

NaOH - Sodium Hydroxide 

(NaPO& - Sodium Hexametaphosphate 

NEPA - Nabonal Environmental Policy Act 

NH4 - Ammonium 

NRT - National Response Team 

NQA 1 - Nuclear Quahty Assurance, Level 1 

OU - Operable Urut 

pCi/g - picoCuries per gram 

pCin - picoCuries per liter 

pH - Negahve log of the hydrogen ion concentration 

PSZ - Permeter Secunty Zone 

Pu - Plutonium 

QA - Quality Assurance 

QAA - Quality Assurance Addenda 

QMQC - Quality Assurance/Quality Control 

6 

';I Of 6y 



I 
EG&G ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE Manual RF/ER-94-0014 UN 

Document Revision 0 
I 

Removal of Actinides From Soil 
Treatability Study Report 

Page VI of VI 
Effective April 15, 1995 

~~~~ ~ ~ 

RCRA - Resource Conservahon and Recovery Act of 1976 

RFETS - Rocky Flats Environmental Technology Site 

RFI/RI - RCRA Facility Investigation/Remedial Investigation 

RF - Rocky Flats 

TBD - To be determined 

TDS - Total Dissolved Solids 

TSS - Total Suspended Solids 

TSWP - Treatability Study Work Plan 

U - Uranium 

pCi - microcuries 

pCin - microcuries per liter 

pg/l - micrograms per liter 

pm - micrometer 

WSRIC - Waste Stream and Residue Identification and Characterizahon Program 
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1.0 INTRODUCTION 

Rocky Flats Environmental Technology Site (RFETS) remediation programs are 
addressmg the cleanup of contammated areas for the purpose of reducmg their 
associated risks As a part of the process to screen and select remedial opbons for 
Operable Unit 2 (OU2) at RFETS, this treatability study was performed to evaluate a 
series of soil decontamination techniques and will be referred to as the "soils 
washmg" treatability study The soils washmg study assessed the technological 
capability of physical separation processes to decontammate the soil media of its 
actmide [plutonium (Pu) and americium (Am)] constituents Removal of uranium, 
if present, was not specifically evaluated m this study Information on the 
effectiveness of the processes studied, individually and m series, will be used for 
comparison with soil cleanup standards derived from risk reduction calculahons or 
potential Applicable or Relevant and Appropnate Requirements (ARAR) 
Although the treatability study was performed to supply data for the OU2 feasibility 
study, the results of this effort are pertlnent to soil remediation at other locations 
contaminated with transuranic constituents 

1.1 SITE DESCRIPTION 

1.1.1 Site Name and Description 

RFETS, owned by the U S Department of Energy (DOE) and operated by EG&G 
Rocky Flats, Inc , is located on approximately 6,550 acres in Northern Jefferson 
County The facility is approximately 16 miles northwest of downtown Denver 
The adjacent land use is a mmture of agriculture, open space, mdustry, and low 
density residential housmg 1 

RFETS climate is semiarid with an annual precipitation of 16 mches with more than 
40 percent occurrmg between the months of April though June2 Wmds are 
predommately north-westerly 

WETS is located on a alluvium with thicknesses varymg between approxunately 
103 feet to less than 10 feet The underlying bedrock primarily conslsts of claystone 
with some siltstones Seismic activity for the area is low, and the potenbal for 
landslide is also low 2 The surface waters of RFETS typically flow from west to east 
Most of the surface waters are diverted from entenng the Great Western Reservoir 
by pipe lnto the Broomfield Diversion Ditch 1 The subsurface flow is prunanly 
controlled by a shallow unconfined system m the alluvium The direction of 
subsurface flow is controlled by topography and subcropprng sandstone channels 1 
The topography slopes gradually at an average down gradient of 95 feet per mile m 
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an easterly direchon Approximately 20 miles to the west, the contmental divide 
nses to an elevahon exceedmg 14,000 feet 1 

OU2 is located on the southeastern edge of the Rocky Flats (RF) protected security 
zone (PSZ) The Individual Hazardous Substance Sites (MSSs) of OU2 are located 
on a relahvely flat ridge between Woman Creek on the south and South Walnut 
Creek to the north (See Appendix A) OU2 elevabons range from 5,920 feet above 
sea level on the southeast side of the 903 Pad Area to 5,980 feet along the top of a 
ridge west of the OU2 site Drarnage from OU2 is both to the south, to the South 
Intercepter Ditch and Woman Creek, and to the north, to South Walnut Creek 3 
Currently the Resource Conservation and Recovery Act (RCRA) Facility 
Investigation/Remedial Investigation (RFI/RI) is bemg developed to inveshgate the 
nature, extent, characterization, and rate of migration of contamination from 
idenhhed releases in OU2 

1.1.2 History of Operations 

Construction of the Rocky Flats facility began rn 1952 with a mission from the 
United States Atomic Energy Commission (AEC), the early predecessor to the DOE, 
to produce components for nuclear weapons from materials such as plutonium, 
uranium, beryllium, and various alloys of stainless steel The first components 
were completed and shipped offsite in 1953 Processes involved in manufacturing 
these components were fabrication, assembly, chemical recovery and purificabon of 
transuranics from produchon byproducts or waste streams 

Dow Chemical Company was the first prune contractor for operations at the facility 
Rockwell International replaced Dow m 1975 and operated the plant through 1989 
EG&G is the current prime contractor, assummg operabons rn 1990 1 

The plant's producbon mssion was changed rn 1992 with the end of the cold war, 
and was renamed RFETS m 1994 Now the mission of WETS prunarily focuses on 
environmental restorahon, waste management, and decommission and 
decontammabon of facilibes Remedial actions prlncipally mvolve the cleanup of 
soil and ground water, conducted accordmg to the requirements of the Interagency 
Agreement between DOE, EPA and the State of Colorado, as well as the 
Comprehensive Environmental Response, Compensabon, and Liability Act 
(CERCLA) and the RCRA 

Measured contammation levels of Pu and Am m soil near the 903 Pad area is the 
prmary focus of ths treatability study Withrn OU2, past operabons contnbuted to 
the idenbfied contammahon at the 903 Pad, Mound areas, and East Trenches 
Durmg the 1950s and 1960s, stored drums contamrng waste corroded over tune, 

9 
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allowmg hazardous and radioactive material to leak mto the surrounding soil 
Addihonal dispersion has been caused by wmd during removal of drums and 
contammated soil 

1.1.3 Prior Removal and Remediation Activities 

Drums of process waste and surface soils located in IHSS 112 (See Appendix A) have 
been removed to elimmate the source of contaminahon The area has been 
excavated and capped with asphalt to prevent further migrahon of contammates 
This area is known as the 903 Pad This area is restricted to prevent further 
migration of contaminates 

OU2's Interim Measures /Interim Remedial Achon (IM/IRA) collects seep and 
surface water contamination sources, then treats and discharges the effluent to the 
surface water dramage Operahon of the field-scale treatability unit for the South 
Walnut Creek dramage began m May 1991 The effechveness of the treatment 
process was evaluated at three locahons the mfluent to the treatment facility, 
several pomts withm the facility, and the discharge point Approval was granted to 
discontlnue collection of two of the three sources due to the small amount of 
contamination 

A second IM/IRA was established m late 1991 This Subsurface IM/IRA 
Plan/Environmental Assessment encompasses the 903 Pad, the Mound Area, and 
the East Trenches Area of OU 2 Ttus IM/IRA describes the process to evaluate a 
remediation technology for removal of residual free-phase volatile organic 
compound contamination at OU 2 The volatile organic compound removal 
actions involve an m-situ vacuum-enhanced vapor extraction technology The 
mterim remedial action will provide mformation to aid m the selecbon and design 
of final remedial actions that address subsurface, residual free-phase volatile organic 
compound contaminahon at OU 2 

1.2 Waste Stream Descripbon 

1.2.1 Waste Matnces 

Treatability testmg was conducted usmg soils collected from Plot 28 m IHSS 155 
IHSS 155 is a recognized source of actmide contammahon rn OU2, which will make 
the soil sample representatwe of the contammation levels to be encountered durmg 
remediation and the soil composition characterishc of the area 
(See Table 1.2 1-1). The plot is located directly east of the 903 Pad (See Appenduc A) 
The samplmg event was conducted under the "Field Samplmg Procedure for 

LO 
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Samplmg Plutoruum-Contammated Soils to Support Treatability Tests at NRT and 
LANZ" 

Table 1.2.1-1 Composition of Soil on the East Side of the 903 Pad 

Data 
PH 
Calcium 
Sulfate 
Specific Gravity 
Total OC* 
Am-241 
Pu-238 
P~-239+240 
U-233+234 
U-235 
U-238 

Sample 
5-1001 
71 
1000 pg/g 
4 0 0  pg/g 
2 6  
0 52 
76 pCi/g 

310 pCi/g 
3 4  p w g  

0 p w g  
0 pCdg 
2 2  pCi/g 

Vumber 
5-1002 
7 2  
u o o  pg/g 
~ 5 0 0  pg/g 
2 5  
0 8  
140 pCi/g 

690 pCi/g 
4 p w g  

11 p w g  
01  pCdg 
3 2  pCi/g 

* Organic carbon reported as percent carbon 

Leaking drums, contaming solvents, cutting oils and lathe coolants from plutonium 
component manufacturing, contaminated the environment at IHSS 112 The 
original form of the plutonium m the machine oil-carbon tetrachloride was 
elemental, with storage, hydrochloric acid was likely generated from the hydrolysis 
of carbon tetrachloride and it could have dissolved some or all of the plutonium 
metal The resultmg plutonium chlonde could have been converted to carbonates, 
hydroxides, oxides, polymers, etc The plutomum metal could also have been 
converted directly to one or more of these compounds via other mechanisms 

1.2.2 Pollutants/Chemicals 

Several locabons of known soil contammation exist at RFETS One type of soil 
contammation of concern at RFETS is the mcidence of radionuclide acbvity above 
natural levels The major contributors to elevated radionuclide concentratxons 
measured m the environment at RFETS are the actmides, Pu, Am, and U Various 
transport mechanisms actmg upon identified sources of actuude contammabon 
have sometxmes resulted UI the migration and dispersion of that contammation 
Plutomum has become a widespread contammant ~II  soils at RFETS and is a 
significant contnbutor to the human health nsk and environmental impact 
esttmated for the OU2 area 
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1.3 Treatment Technology Descnption 

1.3.1 Treatment Process and Scale 

The soil washmg treatability study involved testmg a senes of physical and chemical 
soil treatment processes to attempt complete removal of Pu and Am contaminants 
from the sod matrix The physical processes, selected on the basis of capabihty as 
well as implementability, include wet sieving and attrition scrubbmg Rotary 
scrubbing was reexammed usmg residence hmes closer to the recommended contact 
time for this technology, rather than the origmally studied six mmute duratron 
which resulted m unfavorable results The use of chemical dispersants were 
evaluated in conjunction with the physical processes for their ability to improve the 
efficiency of the physical separatron of the < 2-mm colloidal clay particles, referred to 
as micelles (microcells), from the remamder of the soil media This effect is 
significant because the Pu and Am catronic complexes are attracted to the negatrvely 
charged micelles and will therefore follow them through the separahon process 
The mtent of the physical separation procedure was to achieve a volume reduction 
of the contammated media, and it was anticipated that the hne particle size soil 
fractions will contam the majority of the Pu and Am contammation Chemical 
leachrng and magnehc separahon (Mag*Met) are two alternative separatron 
processes evaluated for reducmg the concentration of Pu and Am in the soil fines 
which were previously physically separated from the larger parhcle size soil 
fractrons Figure 13 1-1 graphically illustrates the expermental task plan for the 
Removal of Actmides from Soil Treatability Study 

The first series of soil decontammation tests consisted of wet sievmg the soil into 
frachons representmg different part& size ranges Several combmahons of wash 
soluhons comprlsed of water and chemical dispersants were used dunng the sievmg 
operatron Aqueous solutions of sodium hydroxlde and sodium 
hexametaphosphate dlspersants were evaluated alone and m combmabon Ham 
water was also evaluated as a baselme for companson purposes Sodium ions 
disperse clays m water whde hydroxide ions mcrease the negatwe charge exhibited 
by clay partrcles to enhance dispersion The dispersion and swellmg of clays are also 
affected by the type of adsorbed cabons The order of strength of dlspersion is 
Na+>NH4+=K+ >Mg 2+>Ca2+>A13+, which indicates that sodium has the most 
pronounced effect on the swellmg and/or dispersion of soil colloids 4 Studies have 
shown that calcium sulfate (>3 %) dubits the dispersion of clay parhcles m soil 6 
The soil used m this expenment was calculated to be less than 3% Cas04 

12 
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Figure 13.1-1 Expenmental Task Plan 

Test Scrub 
L 

The soil fracbons physically separated by the wet sieving operabon were analyzed to 
determme the mass of soil distributmg lnto each fraction as well as the parhbonmg 
of Pu and Am acbvity into each sue fraction. The results anhcipated are that some 
of the larger parhcle size fracbons will yield “decontammated” soil Based on the 
lowest amount of actuude acbvity in these larger parbcle fractions, the most 
effective wash solution was chosen from those selected for evaluation The 
remarnmg soil treatment processes were conducted usrng only the most effecbve 
wash solution identified. Wash solubons generated by the experiments were 
analyzed for Pu and A m  content 

Mag*Met 

I 
I 

I 
17 9 ~ 6 q  

b 

An addihonal wet sievmg operahon was performed to gauge the effecbveness of 
supplemental washmg and mecharucal sievmg acbon Data from tfus double wet 
sieving treatment process were used for companson with the rotary and attnbon 
scrubbmg sod treatment processes, as they mvolved a second wet sievrng procedure 
Measurements of the physically separated soil frachons were repeated to determme 
the mass of soil distributmg mto each of these frachons as well as the parhbonmg of - 

Chemical 
Leaching 
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the Pu and Am contaminants into each size fraction Wash solutions were 
evaluated as well 

The third series of sod decontammahon tests evaluated rotary scrubbing After an 
mitial wet sievmg wash, the sod frachons were recombined and rotary-scrubbed 
with fresh wash solution The purpose of recombimng the soil frachons >0 063mm 
was to provide enhanced scrubbmg action of the h e  soil particles by the coarse soil 
particles The rotary scrubbmg experiment was performed usmg 8 and 18 hour 
residence times Studies have shown that a minimum of eight hours mixmg is 
recommended for the complete dispersion of clay particles in soil 6 The 18 hour 
time interval was selected to encourage maximum dispersion of the clay particles in 
soil In addition, the 18 hour time mterval was convenient because the scrubbing 
could be performed overnight The soil slurry was wet sieved after rotary scrubbing 
uslng fresh wash solution Sod fractrons and solutions were then analyzed for Pu 
and Am content 

A fourth series of soil treatment experiments mvolved attribon scrubbing 
Previous soil studies at RFP showed that attrition scrubbmg releases actmides most 
effectwely from the <4 0- to 0 5-mm soil particles 7 The soil frachons larger than 4 0- 
mm were not attrition-scrubbed due to the potential for damage to the scrubbing 
impeller Therefore, the recombined fme soil fractions between 0 5-mm and 4 0- 
mm that were previously wet sieved and rotary scrubbed were then attrition 
scrubbed with fresh wash solubon for 10 mmutes at 1,000 rpm This soil slurry was 
then wet sieved using fresh wash solution Soil fractions and solutions were then 
analyzed for Pu and Am content 

The fifth decontammation series evaluated the "optimum" ambient chemical 
extractant reagent identified m the Chemically Enhanced Steam Stripping (CESS) 
Treatability Study m combmahon with rotary scrubbmg for their combmed ability to 
partition Pu and Am from the fme soil fractions, sodium citrate and sodium 
dithionite were idenhfied m the CESS Treatability Study to remove 62% of Pu at 
ambient conditions 8 

The soil treatment process evaluated for the sixth series of tests rnvolved a newly 
developed rnagnebc separabon procedure, the Mag*Met process for treatxng the fine 
clay particles 9 The smaller than 0 063-mm particle size soil frachon used 111 the 
evaluahon was obtamed from the double wet sieve process The sue fracbon was 
stirred for 10 mmutes with a small amount of actwated magnehte and magnebc 
iron, after which the magnebte contauung the contammants were then 
magnetically separated from the soil 

A separate magnetic separation process evaluated removmg actmide ions from the 
wash soluhons generated by the soil decontammation tests In this process, the 
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spent wash solution was pumped through a column of magnehc adsorbent 
surrounded by a magnetic field 10 

1.3.2 Operating Features 

Figure 1 3 2-1 represents the srngle wet sieve bench experiment for this treatability 
study Experimental trial soils were processed through this layout usrng various 
wash solutions The bench scale process was designed to collect effluent wash 
solution and the partitioned soil facbons The sized soil fracbons were removed by 
unstachng the sieves 

A washrng experiment began by placing pre-processed soil in the top sieve (after 
vegetation removal, homogenizmg, splitting, and /or pre-scrubbing of the soil) The 
screen mesh number increases downward on the stack of sieves The tnal wash 
solution was then added mto the rnfluent container The pump, vibratmg sieve 
table, and timer were activated approximately the same bme The mfluent wash 
solution flow rate was mamtamed about 1200 ml/min Each run was completed 
when the effluent discharge stopped, which took approximately 4 5 min 

After the test run was completed, the sieves were separated, and the soil fractions 
were removed, dried and weighed Soil samples were taken from each size fraction 
Both the soil size fractions and effluent discharge were analyzed in the inhouse 
laboratory Duplicate samples were labeled and packaged for independent off-site 
laboratory analysis 

I 
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Control Box 

Figure 1.3.2-1 Schematzc of The Wet Sieve Experzment 
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1.4 PREVIOUS TREATABILITY STUDIES AT THE SITE 

Extensive soil decontammation studies were conducted at Rocky Flats These 
studies evaluated wet and dry sieving, attnhon scrubbmg, rotary scrubbmg, 
ultrasonic scrubbmg, vibratory gnndmg, calcmahon, vitrificahon, flotahon, acid 
leaching, hydraulic classification, and mineral jiggng 5,7~1-16 Various dispersants, 
surfactants, complexmg agents, and adsorbents were incorporated mto these 
evaluations The most promising technologies tested were wet sievmg, attrition 
scrubbmg, vibratory grindmg, hydraulic classifymg, acid leachmg, and the use of 
dispersants 

Results showed that wet sieving was effective in removing plutonium and 
americium from the larger soil particles, thereby concentratmg the actwity m the 
fme clay and silt fraction 5 X d 6  Vibratory grmdmg was more effective at physically 
decontaminatmg Rocky Flats soil than rotary scrubbmg, and sodium hydroxide 
solution at pH 12 5 was the best washmg solution to lower actmide concentrations 
in RF soils 12 Recent work with wet sievmg, scrubbmg and a gravunettlc separator 
(mmeral Jig) showed that, (1) sievmg removed >98% of the activity m the <SO to 4 0 
mm soil fraction, representmg >50wt% of the soil (2) and attribon scrubbrng was 
better than wet sievmg and rotary scrubbmg in removing achvity from the <4 0 to 
0 42mm fraction The mineral jig was effective in removing achnide-containing 
clays from the <O 42mm fraction 14 
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2 0  CONCLUSIONS AND RECOMMENDATIONS 

2.1 CONCLUSIONS 

Titrahon curves between pH of 8 to 12 5 showed that sigruficant buffermg regions 
were not present m the RF soil Smce the consumption of NaOH started to increase 
above pH 11, this was chosen as an intermittent pH to utilize in the washmg 
solution evaluation, especially since it was between the starting pH of the water-soil 
mixture (pH 8) and the desired upper pH limit of 12 5 (RCRA limitations) 

The different types of wash solutions made little difference in the amount of soil 
reportmg to each of the size fractions 34,10,24,25, and 6 wt % reported to the 4 0  - 
12 5, <12 5 - 4 0, <4 0 - 0 5, <O 5 - 0 063 and <O 063 mm frachons, respectwely These 
results are not surprising since the wash solutions used were not expected to 
dissolve significant amounts of soil, however, greater dispersion of the smaller 
parhcles from the larger particles could have been attributed to some properbes of 
certain wash solutions Actuude amounts remainmg in all the fractions above 4 0 
mm (except water) were withm the same range (1-3 pCi/g Am and 2-11 pCi/g Pu) 
Therefore, hot water works about as well to decontaminate the > 4 0 mm soil size 
fractions as wash solutions contammg phosphate and/or hydroxide ions However, 
for the smallest size fraction (<O 063 mm), a 0 1 M solution of sodium 
hexametaphosphate (HMP) at pH of 6 5 consistently gave the lowest actmide 
measurements, the wash solution also contained significant amounts of activity, 
showing that plutonium and americium were transferred from the soil to the 
solution phase 

The most favorable decontammation conditions found in this study were a 
prelimmary wet sievmg with a sodium citrate/sodium dithionite solubon followed 
by a five hour rotary scrub and a second wet screenmg usmg citrate/dithionite wash 
solution, these condihons decontammated about 87 wt 940 of the soil to <2 4 pCi/g Pu 
achvity and outperformed a double HMP wet sievmg and a smgle wet sievmg 
followed by either attrihon or rotary scrubbing and a second wet sievmg usmg HMP 
The magnehc adsorption process shows promise to remove actmdes from the spent 
wash solutions to permit recycle 

Figure 2 1-1 shows the potential removal efficiencies for a practical process flow For 
the larger size frachons ( >4 Omm size fracbon), HMP wet sieve process was almost 
as efficient III the removal of Pu and Am from the soil matrm as the 
citrate/dithionite rotary scrub process The unit operations presented here are more 
efficient because of reagent cost and energy savmgs A potenhal of 88% of feed had 
an average of 4 6 pCi/g Pu utilizmg these unit operations 

- 
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Umt Operahon #2 
(Rotary Scrub) 0 1M HMP 

Soluhon to Soil 
Ratio 5 1 

I 108 p ~ d g  Am 
Feed 500 pCdg Pu Unit Operahon #1 1 (Size Seperahon) 

0 1M So&um Citrate 
0 1M Sodium Dithomte 
Solution to Soil 

Umt Operation #3 
(Rotary Scrub) 

44% Mass 

1 1 pcl/gAm 
4 8 pCdg Pu 

56% Mass 
366 pCdg Pu 
47 3 pCdg Am 

4OtoO063mm I I 
Urut Operahon ##4 

(Wet Seived) 44% Feed Mass 

1 0 pCdg Am 
4 3 pcl/g Pu 

<O 063mm h e  Fraction 
12% Feed Mass 
1659 pCdg Pu 
21 1 pCdg Am 

Figure 2.2-2 Conceptual Unit Operations 
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2.2 RECOMMENDATIONS 

To simplify wash soluhon recycle operations and reduce waste generatron, hot water 
rotary scrubbrng followed by wet screerung with hot water may be sufhcient to 
decontaminate the >O 5 mm soil particles, further decontamrnation of a smaller soil 
fractron may require chemical processmg with HMP or citrate/ dithionite 

Demonstration of rotary scrubbmg-wet sieving should be performed on a pilot-plant 
scale to evaluate performance Decontamination of the particles between 0 5 and 
0 063 mm (or smaller) needs evaluation on a pilot scale to better evaluate 
economics, solid-liquid separation problems and wash solution recycle The ability 
of the process to treat vegetation and > 50 mm rocks, and disposibon of the fine 
(<O 5 mm) contammated fractions, needs to be studied as well 

Research is needed to evaluate the physical nature of actinides in RF soil to help 
further identify “clean” soil size fractions, since most of the activity is grouped in 
the less than 0 063 mm size frachon This could be accomplish by exammmg 
colloidal particles under a high power microscope or wet sievmg the soil into fmer 
particle size discrimmations 

An evaluation of actlnides species before and after treatment would help identify 
treatment potentials for different feed stocks, since the species of actrnides is the 
primary factor for dissolution This would also help in relating the “Soils 
Washing” Treatability Study to other treatment potentials outlmed in other 
treatability studies 
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3.0 TREATABILITY STUDY APPROACH 

3.1 TEST OBJECTIVES 

The expermental program was designed to 

Determme which of the wash solutions under evaluation was most 
effective for separating Pu and Am constituents from the contammated soil 
matrix, 

Evaluate the effectiveness of wet sieving for separatmg Pu and Am from the 
remainder of the soil matrix, 

Evaluate the effect of rotary scrub operations on the separation of Pu and 
Am from soil media, 

Evaluate the effectiveness of attrition scrubbing for removing Pu and Am 
from the 4 0- to 0 5-mm soil fraction, 

Evaluate the effectxveness of chemical leaching agents to solubilize Pu and 
Am from the e4 0-mm soil fraction, 

Evaluate the effectiveness of magnetic adsorbents for removing Pu and Am 
from the <O 063-mm soil fraction and the wash solution used, 

Evaluate the effectiveness of magnetic adsorbents for removing Pu and Am 
from a selected spent aqueous solution generated by soil washing, 

Optimize soil treatment processes and conditions m anticipation of scalmg- 
up activities for a soil remediation pilot plant operabon, and, 

D e t e m e  the reduction levels of Pu and Am activity that can be reached 
utilizrng chemical and physical separatxon technologies 
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3.2 EXPERIMENTAL DESIGN AND PROCEDURES 

3.2.1 Soil Preparahon 

Approximately 25 kg of soil (<50 0-mm) for the experimental program was suppIied 
through the Sitewide Treatability Studies Soil Sampling Program The soil sample 
was spread out to dry for several days at ambient room temperature (22-24 "C) to its 
approximate surface-dry condition The dried soil sample was dry sieved into two 
frachons (<50 0- to 12 5-mm and 4 2  5-mm) and weighed to determine the weight 
percent of total mass contamed m each fraction The <50 0- to 12 5-mm soil was 
then coned and quartered and the <12 5-mm soil was split with a riffle splitter 
Proportional amounts of both the cone/quartered and riffle split soil fractions were 
then recombined for use in the soil decontammation tests 

3 2 2 Soil Characterization 

3 2 2.1 Soil Analysis 

A sample of the prepared soil was sent to an off-site laboratory for an mitial soil 
characterization analyses including plutonium, americium, and uranium, as well as 
specific gravity, pH, total orgaruc carbon, and calcium sulfate 

3.2.2.2 Soil pH Titrations 

Soil pH titrahons were performed to determine the buffermg capacity of the soil, or 
the resistance of the soil pH to change This information was used to estimate the 
amount of 1 OM NaOH required to produce a change m soil pH durmg processmg 
The tests were used to develop a curve which graphically descnbes the buffermg 
capacity behavior of the soil and to determme the upper and lower pH values which 
define the limits of the region of maxmum soil buffermg capacity on the curve 
This was accomphshed by htratmg 10 grams of soil (c4 O-mm) at a soil-to-solution 
mass ratio of 1 4  (with s t i m g )  with 1 0 M NaOH soluhon and monitormg the pH 
The titration procedure was repeated usmg 1 OM NaOH plus 0 1M HMP solution 
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3 2.3 Soil Decontamination Tests 

3.2.3.1 Wet Sieve Tests 

Each wet sieve test was performed with a Tyler Model RX-24 sieve shaker and U S 
Standard sieves (20-cm diameter) A sieve lid (with spray head) and bottom pan 
(with drain tube) were used in conjunction with the sieves In addition, a 
Masterflex peristaltic pump as well as a supply reservoir and receiving vessel ($-liter 
containers) completed the wet sieving system 

Four wet sieve tests were conducted, each usmg 500 grams of soil with 2 5 liters of 
wash solution The wash solutions evaluated were 

1 Water both room (22-24oC) and elevated (60-8OoC) temperatures, 

2 0 1M sodium hexametaphosphate solution, 

3 Sodium hydroxide (NaOH) solution Two tests one at the upper pH limit 
and one at the lower pH limit idenbfied during titration tests, and, 

4 NaOH - 0 1M (NaP03)6 solution Two tests upper and lower pH limits, 

The soil was wet sieved into five fractions (<SO 0 to 12 5 mm, 4 2  5 to 4 0 mm, <4 0 
to 0 5 mm, <O 5 to 0 063 mm, and <O 063 mm) Each of the soil fractions were dried 
at ambient temperature and weighed Samples of the soil fractions was collected 
and sent to the independent laboratory for Pu239)240 and Am241 analysis Samples 
were analyzed in-house for Am 

The spent wash solutions from the wet sieve operations were filtered through 
coarse (Whatman No 41 or 20-25 pm) and fme (Whatman No 42 or 2 5 pm) paper 
A portion of these wash solutions was syrrnge filtered through a 0 2 pm membrane, 
and samples of the collected wash solution were sent to the offsite laboratory for 
Pu239240 and Am241 analysis Samples were analyzed m-house for Am 

3.2.3 2 Double Wet Sieve Tests 

A subsequent wet sieve test was performed usmg 500 grams of soil (from the 
recombmed fracbons of the previous sieving process, which identified the most 
effectwe wash soluhon) and an addibonal 2 5 liters of the fresh wash solution The 
second sievmg operation separated the soil mto five particle size fracbons (<50 0- to 
12 5-mm, <12 5- to 4 O-mm, <4 0- to 0 5-mm, <O 5- to 0 063-mm, and <O 063-mm) 
Each of these fractions were dried and weighed Samples of the soil fractions and 
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long), packed with a 10 cm plug of h e  No 431 starnless steel wool, was placed 
between the pole faces of an electromagnet, with the bottom portion of the stamless 
steel wool plug aligned with the electromagnet The bottom of the column had a 
Teflon stopcock (2 mm bore) and was secured at the top with a one hole (6 mm i d ) 
rubber stopper, fitted with a glass tube (6 mm o d x 5 cm) Tygon tublng (6 mm i d ) 
was attached to both ends of the column 

The magnetic adsorbent (20 0 g) was activated by stirring the adsorbent with 200 ml 
of sodium hydroxide (pH 12 0) solution for 10 mmutes at 200 rpm The adsorbent 
slurry was pumped up-flow at 10 ml per minute by a peristaltic pump into the glass 
column while a field strength of 0 3 Tesla (3,000 Gauss) was applied to the 
electromagnet The pH of the spent wash soluhon was adjusted to 10-12 The spent 
wash solution was then pumped through the column up-flow at 10 ml per mmute 
while a field strength of 0 3 Tesla was applied to the electromagnet A quanhty of 
effluent equal to the system volume was collected and discarded prior to collectmg 
the first sample The column effluent was then collected and sent to the laboratory 
for Pu239240 and Am241 analysis Soluhons generated during the experiment were 
filtered and sampled as described m Section 3 2 3 1 

3.3 

3 3.1 

a 

b 

C 

d 
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EQUIPMENT AND REAGENTS 

Equipment 

U S standard sieves (20-cm diameter) rn the foilowmg sieve sizes 50 0-mm, 
12 5-mm, 4 0-mm, 0 5-mm, and 0 063-mm, 

Sieve lid with spray head and bottom pan with dram tube, 

Tyler Model RX-24 sieve shaker, 

Masterflex peristalhc pumps, 

P K "Yoke" Twrn Shell@ blender, Model LB-4229, 

U S Stoneware rotary jar mill, 

Tube rotator, Glas-Col, RD-250; 

Denver Model D-12 attrihon scrubber, 

ANAC Model 3470 laboratory electromagnet and power supply, 
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Top loadmg balance, Mettler PC440, 

Nuclear Measurements Corporation PC-5 proporbonal alpha counter, 

Canberra Series 80 mulbchannel analyzer m conjunction with a 
Phoswich-type (NaI) detector, 

Canberra Series 100 multichannel analyzer in conjunction with a 
Phoswich-type (NaI) detector, 

Damon model HT centrifuge, 

Thermolyne type 1400 drymg oven, 

Sample splitter, Humboldt Splitter, model # H-3971, H-3962, and H-3987, 

Conung Model 7 pH meter, 

pH probe, Ag/AgCl, Smgle funchon with standard connector, 

Balance, Dial-0-Gram Model H-4835, and, 

Glass and plastx ware (e g , beakers, cylmders, and pipette hps) 

Reagents 

Sodium hydroxide, Baker Analyzed, Reagent Grade, 

Sodium hexametaphosphate, Baker Analyzed, Reagent Grade, 

Sodium citrate, Mallmckrodt, Reagent Grade, 

Sodium dithionite, Baker Analyzed, Reagent Grade, 

Ascorbic acid, Mereck, U S P 

Magnebte, Write Industries Inc , Type 012672, 

Magnetx resm, Synthesized by R L Kochen, 

Nitric acid, Mallmckrodt, Reagent Grade, and, 

Powdered iron, Baker Analyzed, Reagent Grade 
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3.4 SAMPLING AND ANALYSIS 

The mitral soil supply and the treated soils were sampled for analysis by the 
cone/ quartermg and/or riffle splittrng methods as appropriate for the parhcle slze 
fraction samples collected Soil samplmg techniques were performed in accordance 
with ASTM Designation C 702-87 specifications Samplmg activities were 
performed by EG&G RF personnel usmg EG&G Standard Operatrng Procedures 
(Appendix A, OSA 779 066) for sample designation, handling, shipprng, and 
documentahon requirements A cham of custody form was utilized m transferring 
samples from RF to the analyhcal lab 

The soil fracbons and solution samples were screened for Am241 using a Canberra 
multichannel analyzer and Pu239 usmg a proportional alpha counter within Room 
139 of Building 779 by EG&G RF personnel prior to packagmg and slupment to the 
analytical laboratory for analysis ' I h s  provided a guidelme for the number and size 
of samples that can be sent at one time to the analytical laboratory for actuude 
analyses. In addition, the liquid samples were stabillzed prior to packagmg with 
nitnc acid to a pH of 2 

Soil and soluhon sample analyses were performed by Accu-Lab@ Research, Inc The 
analyhcal laboratory followed the General Radiochemistry and Routme Analytical 
Services Protocol and used EPA approved methods 

34.1 Waste Streams 

All excess soil and wash solutrons were disposed of as specified III the Waste Stream 
and Residue Idenhficahon and Characterization Program (WSRIC) documentation 
This process is described ut the Buildmg 779 WSRIC manual The soil and solutron 
samples sent off-site for analysis were properly disposed of by the contract analyhcal 
laboratory None of the solids or solutions are RCRA regulated Ultmately, there 
was 25 kg of sod and 150 liters of solution requimg disposal The other waste 
generated (e g , dry combustibles, glass, plastic) occupied less than a 55-gallon drum 
The waste generators are responsible for disposal of the solid and aqueous wastes 
generated All sludge and residual waste shipments complied with the provisions 
of the Federal Treatability Study Exemphon Rule (see Section 3 9 to "Guide for 
Conductlng Treatabihty Studies Under CERCLA") Disposal of materials at the 
source site was m accordance wth the requrements of CERCLA, RCRA, federal, 
state and RFETS waste management prachces 

All efforts were taken to muzlmize the quantity of contammated or potenhally 
contaminated debns Efforts mcluded mmunizmg the use of disposable matenals 
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Glassware, which can normally be decontammated and reused for other treatability 
studies, were used for bench-scale testmg Porous media such as clothmg and paper 
towels were evaluated for disposal as low level radioactive waste 

3.4.2 Treatment Process 

The experimental program was designed to determme which of the wash solutions 
under evaluation was most effective for separating Pu and Am constituents from 
the contaminated soil matrix, evaluate the effectiveness of wet sievmg for 
separating Pu and Am from the remamder of the soil matrix, evaluate the rotary 
scrub operation on separation of Pu and Am from soil media, evaluate the 
effectiveness of attrition scrubbing for removing Pu and Am from the 4 0- to 0 5- 
mm soil fraction, evaluate the effechveness of a chemical leachmg agent in 
combination with rotary scrub processmg for their ability to desorb Pu and Am from 
<4 O-mm soil frachon, evaluate the effechveness of a magnetic process for 
removing Pu and Am from the <O 063-mm soil fraclon, evaluate the effectiveness 
of magnehc adsorbents for removmg Pu and Am from spent aqueous solutions 
generated by soil washing, and, determme the levels of Pu and Am achvity to which 
the soil treatment processes tested are technologically capable of reducmg 
contamination in RF soil 

The Treatment process is outlined m Section 1 3  1 

3.5 DATA MANAGEMENT 

All procedures used m the treatabdity study were documented m project data book 
2419 Observations made durmg the study were recorded m a bound laboratory 
notebook The project and laboratory notebooks for this study were speclfic to this 
project The treatability study logbooks documented the following at a level of detail 
sufficient to allow another qualified researcher to retrace the mveshgahon and 
confirm the results 

Testmg procedures, 
Departure from protocols, and the reasons for departures, 
Instrument calibrations, 
Sampling methods, 
Chemical addihons, and, 
Test observations 

AII samples received and generated durlng this study were labeled with mque 
sample identification numbers In addihon to the unique sample numbers, the 
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source of each sample was documented A complete history of all samples from 
collection through transportation to receipt, testing or analysis, and disposibon at 
the laboratory recorded in the project book Each expenmental soil sample was 
accompanied by documentation on the sample transmittal form describmg the 
sample collection location and method, pertlnent observations, personnel involved, 
date of collection, any sample preservation performed, contamers used, etc 

3.6 DEVIATIONS FROM WORK PLAN 

There were several deviations from the original Work Plan since the 
commencement of this treatability study These rational deviations were required to 
allow the study to progress logically forward After deliberation with the Removal 
of Actmides From Soil Treatability Study Team, it was determined that all test 
objectives would still be met 

The first deviation from the Work Plan was to reduce the soil test size from 1000 
grams to about 500 grams This was necessary because of the reduced soil sample 
size from the first soil samplmg event The soil sample size was reduced when all 
of the vegetahon was elimmated from the soil sample Reducmg the sample size 
does not influence the partihoning of the soil during wet sieving operations To 
maintain consistency, all test runs used this reduced sample size 

The second deviation from the Work Plan was the introduction of a flocculent 
(Purifloc) After filtering the wash solution through Whatman #42 filter paper, the 
researcher noticed the presence of suspended solids remainrng m the filtrate 
Flocculent was added to enhance the separation of these suspended soils from 
solubon The flocculent was added to the solution at 2 ppb The flocculent and 
flocculated dissolved soils did not add significantly to the weight for the less than 
0 063 mm soil fraction size 

The chemical leachmg experiments were changed to avoid a duplicabon of work 
from the CESS Treatability Study, which also evaluated leachmg reagents The 
chemical leachmg experiment was combmed both with wet sieve and rotary scrub 
processmg to evaluate both physical and chemical separahon processes m series 
The scrub solution utilued the most attractive reagent@) idenhfied durmg the CESS 
Treatability Study 8 

Fmally, an addihonal experimental run was performed that was not part of the 
origmal Work Plan 
temperature (60 to 80 oC) This experimental run gave more rnsight rnto the effects 
of elevated temperatures which could be encountered durmg field operabons 

This test run was performed with water wash at an elevated 
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4.0 RESULTS AND DISCUSSIONS 

4.1 DATA ANALYSIS AND INTERPRETATION 

Data presented herem were interpreted m accordance with Section 3 11 of The 
Guidance for Conductmg Treatability Studies under CERCLA (EPA 1992) 

4.1.1 pH Titration Curves 

Soil pH titration curves were established by adding NaOH solutrons to beakers 
contaming 40 ml of de-ionized water and 20 grams of RF soil The pH changes were 
then monitored The data obtamed were then used to construct pH btration curves, 
i e ,  pH versus volume of sodium hydroxide added Figures 4 1 1-1 and 4 1 1-2 show 
representative pH titration curves usmg 1 0 M NaOH and 1 0 M NaOH-0 1 M 
sodium hexametaphosphate solutions, respectively 

' 3a 917 dy 
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The purpose of constructmg the curves was to explore if there was a region between 
pH of 8 to 12 5 where there would be little change m pH with sodium hydroxide 
additron, i e ,  a buffermg region The data shown xn the figures, of which duplicate 
experlments were m excellent agreement, show that buffering regions were not 
present Figure 4 1 1-1 shows that only 0 2 millimoles of sodium hydroxide ( 0 2 ml 
NaOH multiplied times 1 0 M NaOH) was required to reach a pH of 11 0, but 2 0 
millimoles of NaOH were needed to reach a pH of 12 5 

- 
-- 

-- 
-- 
- -  

-- 

.- 

I 

Since the consumpbon of NaOH started to mcrease above pH 11, this was chosen as 
an mtermittent pH to uhlize m a washmg soluhon, especially smce it was between 
the startmg pH of the water-soil mixture (pH 8) and the desired upper l m t  (pH of 
12 5) The pH of 0 1 M HMP was about six and considered a lower operatmg limit to 
avoid excess dissolution of soil constituents such as aluminum, calcium, iron, etc 

u .  

0 1 2 3 4 

Volume of 0 1 (NaP03)6/10 M NaOH (ml) 
S 

Figure 4.1.1-2 Soil Titration Cume ((NaPo3)6-1 0 M NaOH) 

4 1.2 Evaluation of Wash Solutions 

The data presented in Figure 4 12-1 show that the different wash solubons tried, 
made little_difference m the percent soil reportmg to each of the slze fracbons As 
expected, there was no sigxuficant soil dissolution or dispersion between the wash 
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soluhons However, greater dispersion of the smaller parhcles from the larger 
particles could have been attributed to the characteristics of some of the reagents 
Essenhally 33-34 wt YO of the soil reported to the <50 to 12 5 mm frachon, 9-11% to 
the 4 2  5 to 4 0 mm frachon, 2425% to the <4 0 to 0 5 mm frachon, 23-27% to the 
<O 5 to 0 063 mm frachon, and 5-8% to the 0 063 mm frachon These data are m good 
agreement with previous washmg studies of RF soil 5 

HMP has excellent soil dispersion and deflocculation properties and keeps calcium, 
magnesium, and iron salts includmg, CaC03 and CaC04, from interfermg with the 
wet sievrng process 
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NaOH (pH 12 45) 

0 0 1 M (NaP03)6 

I Combo (PH 11) 

Combo (pH 12 45) 

Figure 4 1 2-1 Size Fraction Dtsttrbution From Wet  Sieve Expetrments 

Figures 4 1 2-2 and 4 1 2-3 show the actmide results of the sod frachons treated with 
vanous wash solutions Generally the actmide concentrations r e m a m g  m all the 
frachons above 4 0 mm were withn the same range (1-3 pCi/g Am and 2-11 pCi/g 
Pu) except water washed soil, thus hot water works about as well as wash soluhons 
contammg phosphate and/or hydroxide ions However, for the next smaller sue 
soil frachon (<4 to 0 5 mm), a 0 1 M soluhon of HMP at pH of 11 and hot water gave 
the lowest actmide results The actmide concentration only vaned between 1 and 4 
pCi/g The <O 5 to 0 06 mm fraction contamed high concentrations of Am and Pu 
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with the lowest amount after HMP washmg The HMP solubon also 
decontammated the c0 063 mm fraction and transferred some of the contamnation 
to the liquid phase 
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Figure 4 12-2 Activity of Am in Soil Size Fractions 

n 
M 2 
V 
a v 

10000 

1000 

100 

10 

-- ---NaOH (pH 12 45) 

--)1C-Cornbo (pH 11) 
+Combo (pH 12 45) 

1M (NaP03)6 

I !  
4 0 t o 0 5  0 5  to 063 c 063 50 to 125 125 to40  

Soil Size Fraction (mm) 

Figure 4.1 2-3 Activity of Pu in Soil Size Fractions 
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The actuude activity m the spent wash soluhons is shown m Table 4 12-1 These 
results indicate that mdeed HMP treatment parhhoned more achvity mto soluhon 
than did other wash solutions These results are m good agreement with the 
amount of acbvity remarnmg m the soil size fracbons ( see mass balances m 
Append= D) 

An additional wet sieving operation with fresh wash (HMP) soluhon was 
performed durmg the second soil decontammation test to gauge if improvement in 
the effectiveness of the separation resulted from the supplemental washing and 
mechanical sieving achon contact time Data from this double wet sievmg 
treatment process was used for comparison with the rotary and attrihon scrubbing 
soil treatment processes, as they mvolved a secondary wet sieving procedure 
Additionally, the second wet sievmg operation separated the recombmed fractions 
from the initial wet sieving operahon mto fractions of even finer particle size 
discriminahon Measurements of the physically separated soil fractions were 
repeated to determine the mass of soil distributing into each of these frachons as 
well as the parhtioning of the Pu and Am contaminants into each mass frachon 
The results are shown III Figures 4 1 2-4 and 4 1 2-5 Wash solutions were evaluated 
as well, and the data are presented III Appendix B 
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Soil Size Fraction (mm) 
Figure 4 1 2-4 Activity of Pu From Process Trials 

The double wet sievmg showed slightly improved decontammation compared to a 
smgle wet sieving operahon The comparisons with rotary and attrihon scrubbing 
are described m the next section 

Table 4.1 2-1 Wash Solution Analysis 

Plutonium I 52 I 770 I 750 I 77500 I 7960 1 

4.1.3 Evaluation of Rotary and Attntion Scrubbing 

After an mhal  wet sievmg wash with HMP, the soil frachons >O 063mm were 
recombmed and rotary-scrubbed for 8 and 18 hours with fresh HMP wash solution 
The purpose of recombmmg the soil frachons was to provide enhanced scrubbmg 
acbon of the h e  soil particles by the coarse soil parhcles The 18 hour time mterval 
was selected to encourage m a m u m  dispersion of the clay parbcles m soil Each 
soil slurry was wet sieved after rotary scrubbing usmg fresh HMP wash solubon 
Soil frachons and solubons were then analyzed for Pu and Am content, and the 
results are shown m Figures 4 1 2-3 and 4 1 2-4 The rotary scrub promoted further 
decontammation of the larger frachons compared to wet sievmg, and the eight hour 
period provided approximately the same result as 18 hours, showmg that 8 hours or 
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less is a sufficient rotahonal time 

The recombmed soil frachons between 0 5-mm and 4 0-mm that were previously 
wet sieved and rotary scrubbed were attribon scrubbed with fresh HMP wash 
solution for 10 mmutes at 1,000 rpm This soil slurry was then wet sieved usmg 
fresh wash solution Soil fracbons and solutions were analyzed for Pu and Am 
content and the results are shown rn Appendix B Additional activity was removed 
from the <O 5 to 0 063 fraction with attrition scrubbmg, but the small decrease would 
probably not warrant its use m a process 

4.1.4 Evaluation of Chemical Leaching 

A chemical leaclung solution (sodium dithionite and sodium citrate) was tested 
with wet sievmg and rotary scrubbmg because of its abihty to desorb Pu and Am 
from the fine soil fractions by leaching the actmides mto the aqueous phase (based 
on favorable results from another experimental 1nvestigation)g The results show 
that these condihons were the best for decontammation of soils >O 063 mm (see 
Figures 4 1 2-3 and 4 1 2-4) The dithiomte-citrate m t u r e  also leached more 
actmide from the clay-silt fraction into solution than HMP 

4.1.5 Evaluation of The Mag*Met Process 

A newly developed magnebc separabon procedure from Rust Federal Services was 
tested for decontaminahon of the fine clay particles. The less than 0 063-mm parbcle 
size soil fracbon used m this evaluation was obtamed from the double wet sieve 
process The soil fines were stvred for 10 mmutes with a magnetic sorbent followed 
by a magnetic separahon step A comparison expenment, where no magnetic 
sorbent was added, gave the same result, showmg that the Mag*Met process was not 
applicable for the decontammahon of these type of soils 

4.1.6 Evaluation of Magnebc Adsorption Process 

A different magnetic separahon process was evaluated for removmg actmide ions 
from the wash solutions generated by the soil decontammahon tests In ths 
process, the spent wash solubon was pumped through a column of magnehc 
adsorbent m the presence of a magnehc field As shown m previous studieslo, the 
process will effechvely remove plutonium and americium from HMP solutions, as 
long as the pH is above nine It was shown that complexmg agents, such as EDTA, 
interfere with the magnehc resm process Recent results are summarlzed 
elsewhere 18 - 
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4.1.7 Comparison to Test Objectives 

All of the test objectwes were met HMP and citrate-dithonate were found to be the 
most effectwe wash solutions for separatmg Pu and Am constituents from the 
contammated soil matrix The effect of dissolving calcium sulfate from the soil to 
promote clay particle dispersion was not necessary because its concentration was 
below reported limits of interference Wet sieving was very effective for separatmg 
Pu and Am from the >O 5 mm soil fractions The residence times for the rotary 
scrub operation on separation of Pu and Am from soil media were determmed to be 
less than 8 hours, and attntion scrubbmg was not as effective A chemical leaclung 
agent was effective for desorbmg Pu and Am from the e4 O-mm soil fraction 
Magnetic sorbents were not effective in removmg Pu and Am from the <O 063-mm 
soil fraction, but are practical for treatmg wash soluhons The data produced from 
this study could be uhlized to developed a remedial design/remedial action 
treatability study for the soil washmg technologies Levels of Pu and Am 
decontamination were determined 

4.2 QUALITY ASSURANCE AND QUALITY CONTROL 

Quality assurance issues pertairung to this project are addressed in a Quality 
Assurance Addendum for the Removal of Actinides From Soil Treatability Study 
Work Plan The content of the QAPjP was driven by DOE Order 5700 6C, which 
required the QA/QC program to be based on American Society of Mechanical 
Engrneers NQA-1 The Quality Assurance Addendum outlmes an 18 element 
format some of which are Trairung, Data Quality Objectives, Analytical Procedures, 
Samplmg Procedures, and Quality Assurance 17 
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4.4 KEY CONTACTS 

Ann Long, Operable Unit 2 Closures, Rocky Flats Environmental 
Technology Site, Buildmg 080, Golden, CO 80402, Phone (303) 966-6940 

Robert Brown, Operable Unit 2 Closures, Rocky Flats Environmental 
Technology Site, Buildmg 080, Golden, CO 80402, Phone (303) 966-6912 

James D Navratil, Ph D , Rust Federal Services, Inc , 1597 Cole Blvd , Suite 
350, Golden, CO 80401, Phone (303) 274-3224 

Bob Kochen, Environmental Technology, Rocky Flats Environmental 
Technology Site, Buildmg 881, Golden, CO 80402, Phone (303) 966-4180 

Del Stark, Environmental Technology, Rocky Flats Environmental 
Technology Site, Buildrng 881, Golden, CO 80402, Phone (303) 966-8825 
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Operable Unit 2 IHSS Map 
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Appendix B 

Accu-Labs Research Sample Analysis 
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Appendix C 
Mass Balance 
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